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Abstract: - This paper deals the grid voltage, especially grid voltage under balanced, unbalanced and harmonically distorted grid 
conditions, often distorts the injected currents of grid-connected inverters. To address this problem, a robust control scheme of 
grid-connected inverters is presented in this project. The proposed control scheme employs open-loop filtering technique to offer 
exact steady-state performance as well as fast transient response. The proposed resonant controller is developed for the inner 
current control loop of the system. The proposed controller has the ability to track ac current with zero steady-state error. The outer 
dc-link voltage control loop is developed through the indirect vector control method at synchronously rotating reference frame. 
The control scheme ensures improved performance of the system at variable load disturbances. The control scheme is implemented 
in MATLAB–SIMULINK environment.  
Key Words—Resonant controller, 
I. INTRODUCTION 
GRIDs connected converters are important in renewable 
energy systems. In this context, the control of the grid injected 
current is a relevant problem, which becomes challenging due 
to the uncertainty of the grid impedance at the point of 
common coupling. In grid-connected converters, LCL filters 
are frequently used to interface PWM inverters and the grid, 
in order to attenuate the harmonics from the PWM signal. One 
problem that arises then is the need of attenuation of the high 
resonance peak from LCL filters.  
One solution is given by passive damping strategies [61] 
and another is given by active damping, which is based on the 
design of a suitable controller able to damp the resonance 
without inserting elements in the filter. Among the active 
damping strategies in current control, it is worth to mention 
the proportional–integral controllers in synchronous reference 
frame (SRFPI) and the proportional resonant (PR) controllers 
in a stationary reference frame. SRFPI controllers are based 
on the design of PI controllers in a synchronous reference 
frame for three-phase systems [62], using filter-based 
strategies [14], [15] or multiloop strategies [63]–[64]. For PR 
controllers, the design in a stationary frame is commonly used 
to provide an infinite gain at chosen frequencies in order to 
ensure tracking for sinusoidal references and to reject specific 
harmonic disturbances [65]–[67]. SRFPI controllers are 
known to have an easy design, but present a poor harmonic 
rejection capability, especially for high-frequency harmonics.  
On the other hand, PR controllers can lead to a good harmonic 
rejection with the inclusion of more resonant in the controller, 
with the cost of computing more control gains. Alternatives 
are given, by proportional complex integral control in [68] 
and also by feedforward strategies, capable to suppress the 
effect of grid-voltage harmonics, but without reducing the 
phase margin. Other alternatives for the control of PWM grid-
connected converters are given in the state space, based on 
linear quadratic controllers, as in [69] and [70], which may 
suffer from the difficulties of choice for the cost function 
weighting matrices, and also based on pole location 
techniques, as in. All strategies previously mentioned do not 
take into account a priori robustness in the design of the 
control gains. This issue is taken into account in. Robust multi 
objective control schemes using adaptive and deadbeat 
structures can be found in [70] and [71]. Robust predictive 
control can be seen in [74] and [76], where the robust 
predictive controller works in parallel with an adaptive 
strategy to improve the stability of the predictive controller.  
The other application of adaptive controllers for 
grid-connected converters with LCL filters is shown in [73], 
where a model robust adaptive controller ensures tracking and 
robust performance for the grid with parameter uncertainties. 
In [34], H∞ repetitive controllers are used for voltage control 
to cope with grid frequency variations. Other works have dealt 
with robust control design for grid-connected converters with 
LCL filters by means of linear matrix inequalities (LMIs). In, 
partial state feedback is used to provide robustness to grid 
parametric uncertainty. The controller is associated with 
resonant controllers to ensure the tracking of sinusoidal 
reference and reject specific harmonics disturbances. This 
study shows the viability of using LMIs to get robustness for 
this application, being the resonant control design dependent 
on a procedure in the frequency domain.  
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II. CONTROL TECHNIQUE 
The proposed resonant control strategy is divided into two 
cascaded control loops: (A) dc-link voltage control loop, and 
(B) inner M-PR current control loop. 
 
A. DC-link Voltage controller 
Fig. 1 explains that the d-axis current reference, 
*
di ,is 
generated by the voltage controller through processing of the 
error between the present dc-link voltage and its 
corresponding provided reference value.  
* *[ ]( / )d dc dc pdc rdci V V K K s      (1) 
Where DC-link voltages Vdc represent the present dc-link 
capacitor voltage of the inverter. With the controller PI, the 
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where R is the leakage resistances of dc-link capacitors of the 
PV system. The controller gains are designed to be of Kpdc = 
0.622 and Krdc = 0.0014. Equation (2) is found out to be same 
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B. Current controller: 
The current control is implemented through M-PR current 
controller. The M-PR current controller is adopted due to its 
robust and fast dynamic response to perturbations. The gate 
signals for inverter are generated by sinusoidal pulse width 
modulation topology, where the switching frequency is c as fs 
= 150 Hz. The inverter modulating signals are phase shifted 
by 180∘. The proposed M-PR controller for the transformer 
output currents are developed in stationary reference frame 











E s s 
   

  (4) 
Where Kp, ω0, and Kr are the proportional gain, the resonant 
frequency, and resonant gain, respectively. The design of PR 
controller includes the tuning of four parameters, namely Kp, 
Kr, ωc, and ω0 ω0 = 2πf0. The ideal-PR controller is challenged 
for implementation in reality since it operates as a network 
with infinite quality factor, which cannot be achieved in either 
analogue or digital system. Accordingly, for the realisation of 
PR controller, the transfer function of the M-PR controller, 
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In the design procedure of the M-PR controller, there are four 
main parameters to be considered; Kr, Kp, ωc, and ω0. Since 
ω0 is the fundamental frequency of the system, it can be 
selected as ω0 = 2π f 0 = 314.16 rad/s. The control model of 
the inner current loop can be shown in Fig. 2, where 
1/ (0.5 1)sT  is the first-order inertia link that represents the 
delay caused by the sampling; programme calculation and 
PWM control links, and Ts is the sampling time. When the 
feedforward compensation term of grid voltages is not 
considered, the open-loop transfer function of the inner loop 
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Then, the closed-loop transfer function is 
, ( ) ( )
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For s = jω0, the following relationship can be obtained 
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   (5.9) 
Thus, it is known that, when the resonant frequency ω0 of M-
PR controller is equal to the angular frequency of controlled 
object, the input currents can track reference values without 
steady-state errors. 
C. Implementation of resonant controller: 
 
Fig. 5.1: Proposed resonant controller 
The Kr is chosen to eliminate the phase and magnitude 
steady-state errors at low and high frequencies. The cut-
off frequency ωc is chosen to provide a permitted 
bandwidth around the resonant frequency. The PQ 
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standard of Macau and Hong Kong states that, the limit 
of frequency deviation Δf is ±2%, where ωc can be 
calculated from the expression ωc = 2π f 0Δ f [12]. 
Accordingly, ωc can be found as 6.28 rad/s for f 0 = 50 
Hz. However, the stability margin will be reduced with 
the increment in Kp. The main objective of employing the 
M-PR controller is to generate eα∗ and eβ∗by processing 
the load current error i∗α- iα and iβ∗ - iβ at its input. It is 
well known that, while Kp affects the dynamics of this 
process, the Kr significantly reduces the steady-state 
error in iα and iβ, and determines the bandwidth centred 
at the fundamental frequency (50 Hz) [13] 
III. PROPOSED SYSTEM  
To suppress the grid voltage disturbances due to 
imbalance and harmonic distortion, it is more effective to use 
the SRF rather than the stationary reference frame [17]. The 
transformation between abc- and qd-frame is done by means 
of Park’s transformation [25]. Fig. 5.1 shows the proposed 
control scheme for a three-phase grid-connected inverter 
interfaced with the utility grid through an LCL filter. R1, R2, 
L1, and L2 represent the resistances and inductances of the 
filters, respectively, Cf represents the filter capacity, and Lg 
represents the grid inductance. The inverter is controlled by 
the proposed current controller through the space vector pulse 
width modulator (PWM) [26]. Also, the proposed PLL 
scheme is used to facilitate the grid synchronization. The 
proposed current controller and PLL scheme will be presented 
in detail in section III. The continuous-time representation of 
the inverter can be expressed in the SRF which rotates 
synchronously with the angular speed of grid voltage ωg as 
( ) ( ) ( ) ( )c c c c c cd cx t A x t B u t B w t    
                  (5.1) 
( ) ( )c cy t C x t     
                  (5.2) 
 
Fig. 2. Configuration of an LCL-filtered three-phase grid-connected 
inverter: power circuit and proposed control scheme. 
IV. RESULTS AND DISCUSSION 
Also, both the PI-RES controller and the extended 
controller of [24] are synchronized with the grid using the 
SRF-PLL. Fig. 3 and Fig. 4 show the simulation results under 
unbalanced and distorted grid voltages using three control 
schemes. As can be observed, under a step change of q-axis 
reference current of 3 A, the settling time for three control 
schemes is more or less the same with 10 msec. Nevertheless, 
the PI-RES controller with the SRF-PLL, and the extended 
controller of [14] with the SRF-PLL suffer severe oscillation 
during transient periods, which may lead to the degradation of 
grid power quality as well as ineffective use of primary power 
sources. Also, as is clearly shown in Fig.4, the proposed 
control scheme offers the highest quality of injected currents. 
To investigate the influence of the proposed PLL scheme on 
the current control, Fig. 4 shows the simulation results for 
current responses when three PLL schemes are applied to the 
proposed current controller under +10 phase angle transition 
of unbalanced and distorted grid voltage.  
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Fig.3. Simulation results of transient response under unbalanced 
and distorted grid voltages: (a) three-phase unbalanced and 
distorted grid voltages; (b) PI-RES controller with the SRF-PLL; 










Fig. 4: Simulation results under unbalanced and distorted grid 
voltages: (a) three-phase unbalanced and distorted grid voltages; (b) 
PI-RES controller with the SRF-PLL; (c) extended controller of 
[24] with the SRF-PLL; (d) proposed control scheme. 
V. CONCLUSION 
In this project, a robust control scheme for grid-
connected inverters with LCL filter under unbalanced and 
distorted grid conditions has been presented. The proposed 
scheme ensures harmonic-free injected currents and smooth 
transient response even under severely abnormal grid 
voltages. Here, the performance of the control is found to be 
satisfactory in all the considered operating conditions. The 
salient features of the proposed scheme include the following: 
(i) maintains the dc-link voltage at the desired level to extract 
power from the solar PV modules, (ii) isolated dual-inverter 
dc-link connected PV source is used to produce multilevel 
output voltages 
The effectiveness and feasibility of the proposed 
control scheme are verified with a MATLAB Simulink. It is 
found that all of the simulation results in both transient and 
steady-state closely match with the existing system results 
throughout the operation in stand-alone mode. The grid-
connected mode of operation is also tested in simulation 
environment and is found to be capable of delivering power 
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according to the availability in input. The THD has been kept 
within the limit of grid connection standard.  
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